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 Crystallization of groundmass minerals may record the physicochemical conditions of magmatic 
processes upon eruption and is thus a topic of interdisciplinary research in the disciplines of mineralogy, 
petrology, and volcanology. Recent studies have reported that the groundmass minerals of some volcanic 
rocks exhibit a kink in their crystal size distribution (CSD) slopes of a few micrometers to hundreds of 
nanometers. Nanolites, the crystals included in the finer parts of the kink, are presumed to have recorded 
the crystallization conditions of magmas near the surface, where the explosive–effusive transition may have 
occurred. Although effusive lava is generally formed by the collapse of foamed magma owing to effective 
degassing, recent studies have reported the occurrence of obsidian pyroclasts formed by cycles of 
fragmentation, sintering/suturing, and relaxation. Mujin and Nakamura (2014) reported that different 
assemblages in the nanolites in pyroclasts of the 2011 eruption of Shinmoedake, the Kirishima volcano, 
Japan, might have recorded the bifurcation conditions of the eruption style. Following their study, Chapter 
1 of this dissertation reports the presence of nanometer-scale crystals down to 1 nm in the pyroclasts from 
the Shinmoedake 2011 eruption and their mineralogical characteristics based on field emission-scanning 
electron microscopy (FE-SEM) and transmission electron microscopy (TEM). In Chapter 2, multiple 
origins of the lava cap of the Shinmoedake 2011 eruption are discussed on the basis of groundmass 
differentiation by nanolite crystallization. 
 The main finding regarding nanolite crystallization is a gap (hiatus) from ~100 to 30 nm in the 
size distribution of pyroxene in a dense juvenile fragment of a Vulcanian explosion. The finer-sized crystals 
of ~20–30 nm are defined as “ultrananolites” in this study. The number density of crystals within this size 
gap is at least 10 orders of magnitude smaller than those of the neighboring size intervals. In the dense 
fragment sample, bright spots of ~1–2 nm in diameter were recognized in high-angle annular dark-field 
scanning transmission electron microscopy (HAADF-STEM) images. These spots are presumed to be 
Fe–Ti oxide ultrananolite with a ~9 nm gap from titanomagnetite nanolites, although their phase was too 
small to be determined. Another important finding is that excluding Fe–Ti oxide in the dense fragment, 
crystals smaller than a few tens of nanometers for pyroxene and a few hundred nanometers for plagioclase 
did not exist or their number densities were too low for accurate determination. This indicates a practical 
minimum size of the crystals. These observations show that nucleation of the nanoscale crystals ceased, at 
least practically, in the late stage of groundmass crystallization owing to increased interfacial energy and 
decreased melt diffusivity in a dehydrated melt, whereas crystal growth was mostly continuous. 
 The pyroxene nanolites, ~1 μm in width, have a composite structure consisting of the domains of 
orthopyroxene (Pbca), augite (C2/c), and sub-calcic augite (C2/c). The mineral phase of pyroxene 
ultrananolite, at ~20–30 nm, was ferroaugite (C2/c). The mineral phase of Fe–Ti oxide nanolite was 
titanomagnetite (Fd m), which is the same as that of microlite. 
 The nanolite and ultrananolite are considered to have crystallized in a nearly closed system 
because the analyzed area was very small, at <30 mm2, and the crystallization is believed to have occurred 
from dehydrated viscous melts with small turbulence within a short duration. The increase in crystal 
number density in a sub-micron size range, as found for the nanolites, should thus have been driven by an 
accelerated increase in effective undercooling (ΔT) owing to extensive degassing in a shallow conduit. The  
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pyroxene nanolite crystallized in both the sub-Plinian phase and the lava extrusion and Vulcanian explosion 
phase, whereas the plagioclase nanolite followed that of pyroxene only in the lava extrusion–Vulcanian 
phase. This indicates prolonged magma residence time in the shallow conduit or near the crater under a 
large ΔT in the lava extrusion–Vulcanian phase. The growth rate of the plagioclase nanolite is estimated to 
be 2.8–3.0 × 10-8 mm/s on the basis of the crystallization sequence and geophysical constraints. The 
pyroxene ultrananolite and Fe–Ti oxide nanolite and ultrananolite are assumed to have been formed by the 
additional increase in ΔT through cooling and oxidation, possibly by fragmentation followed by rewelding, 
at the crater.  
 By simply considering the order of explosivity, the interstitial groundmass excluding crystals 
larger than ~0.4 µm in width is expected to be differentiated in the order of pumices of sub-Plinian 
eruptions, pumices of Vulcanian explosions, and dense juvenile fragments of Vulcanian explosions. 
However, a mafic group of dense juvenile fragments has compositions similar to those of pumices of the 
sub-Plinian eruption, i.e., they are less differentiated than the pumices of Vulcanian explosions. By contrast, 
the silicic pumice clasts of Vulcanian explosions partly overlap with the other silicic group of dense 
juvenile fragments. The chemical compositions of the bulk groundmass excluding phenocrysts and the 
microlites were almost the same between these two groups of dense juvenile fragments. This seemingly 
paradoxical result can be attributed to the following process: The less differentiated dense juvenile 
fragments were formed via welding of pyroclasts that were once fragmented in a deeper conduit during 
sub-Plinian activity, and the growth of groundmass minerals was suppressed after fragmentation by low 
diffusivity owing to dehydration. On the contrary, the magma that formed Vulcanian pumices was 
differentiated in a shallow conduit as well as the magma erupted as the silicic group of dense fragments, 
which presumably effused as lava. 
 The crystallization conditions of the groundmass nanolite and ultrananolite may thus provide 
measures for estimating the magma ascent rate, residence time, and fragmentation pressure in the shallow 
conduit between the sub-Plinian and lava extrusion–Vulcanian phases of the 2011 Shinmoedake activity. 
These conditions can also be used to quantitatively discriminate those of clastogenic and effusive lavas in 









れた 2011 年霧島火山新燃岳噴火の噴出物について、石基結晶を 1 nm スケールまで詳細に観
察し、その岩石・鉱物学的特徴から噴火過程を明らかにすることである。 
 本論文は、以下の 2 章からなる。 














文の第 1 章と 2 章は中村美千彦教授との共同研究であり、また第 1 章の一部は京都大学理学
研究科三宅亮准教授との共同研究であるが、論文提出者が主体となって、分析や解析を進め
て結果を出し、それに基づき議論を行ったもので、論文提出者の寄与が十分である。本博士
論文は、提出者・無盡真弓が自立して研究活動を行うに必要な高度の研究能力と学識を有す
ることを示している。したがって、博士（理学）の学位論文として合格と認める。  
